before freezing was beneficial, irrespective of the different cooling and warning regimens. Both collagenase digestion and tissue culture revealed that keratocyte survival was improved when corneas were warmed rapidly rather than slowly. The collagenase digestion assay showed an apparently higher recovery of keratocytes after slow cooling (54.30/%) than after rapid cooling (34i10/), but no differences in cell viability could be demonstrated by primary tissue culture.
Conclusion-Although in these experiments slow cooling apparently provided the best recovery of keratocyte numbers (though not viability), previous work had revealed some disruption of the epithelial basement membrane after slow cooling. If viable keratocytes and good preservation ofepithelial basement membrane are considered to be prerequisites for epikeratophakia lenticules then it is suggested that corneas should be prepared for cryolathing by freezing rapidly after exposure to 100/o dimethyl sulphoxide and, following cryolathing, they should be warmed rapidly. (BrJ Ophthalmol 1996; 80: 367-372) Epikeratophakia, or onlay lamellar keratoplasty, is a surgical procedure in which a lenticule made of donor tissue is sutured on to the anterior surface of the cornea to alter the surface topography and, hence, refractive properties of the cornea. The tissue lens is composed of Bowman's layer and anterior stroma of a donor cornea which has been frozen and lathed.
Epikeratophakia was developed originally for the correction of aphakia by Kaufman in 1980 . 1 The procedure was first performed in aphakic adult patients who were spectacle and contact lens intolerant, and who were not good candidates for secondary intraocular lens implantation.2 Over the past 15 years, the procedure has undergone many refinements and considerable testing, both experimentally and clinically. The (Fig 1) . Primary tissue culture demonstrated cell growth from 22 of the 40 stromal explants obtained from five unfrozen corneas (Table 1) . Cells appeared from the explants after 7X7 (SD 2-6) days (Fig 2) and reached confluence 19 9 (1X7) days later (Fig 3) .
GROUP 2-RAPID COOL, SLOW WARM, NO CRYOPROTECTANT
These corneas showed the lowest cell counts in the collagenase digestion assay (Fig 1) with a mean of 0X3X 104 cells (01X x104). This was equivalent to a recovery of only 1% compared with the controls (group 1). None of the explants of corneas frozen under these conditions demonstrated any capacity for cell growth.
GROUP 3-RAPID COOL, RAPID WARM, NO CRYOPROTECTANT
In the absence of cryoprotectant, rapid warming resulted in the recovery of 4.7 X 104 (1 3x 104) cells per cornea (15 1% compared with control) (Fig 1) . Despite this improvement in recovery when compared with slow warming (group 2), there was no evidence of cell viability since none of the tissue explants initiated any cell growth. In the present study, the presence of 10% DMSO markedly improved both the recovery and viability of keratocytes. Not only is this a somewhat higher concentration than in KM-26, but the tissue was exposed to the cryoprotectant solution for 15 between corneal epithelium and stroma in rabbits. [36] [37] [38] Current methods for the production of lenticules for epikeratophakia often involve rapid freezing, cryolathing, and slow warming of corneal tissue in the absence of cryoprotectants. This procedure has been shown to be responsible for extensive keratocyte destruction, considerable distortion of the epithelial basement membrane, and condensation of anchoring fibrils in the tissue lens. 33 In terms of keratocyte viability, the most important factors were the presence of cryoprotectant and use of rapid rather than slow warming. Slow cooling did give greater recovery of keratocytes, but there was no advantage over rapid cooling in terms of cell viability. Indeed, the slow cooling procedure may give rise to greater disruption of stromal lamellae and structural alteration of the epithelial basal lamina, which in turn may compromise the re-epithelialisation of donor lenticule.33 Thus, rapid cooling with cryoprotection followed by rapid warming would appear to result in the best balance between keratocyte viability and preservation of tissue structure.
